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1. mtnr1a1.4 基因的部分片段长度为 1471 bp，蛋白质编码区可编码 246 个氨基
酸，其中 3’-UTR 为 728 bp；mtnr1a1.7 基因全长为 1501 bp，编码一个由 351 个
氨基酸组成的蛋白质，5’端有一个 310 bp 的非编码区，3’端有一个 138 bp 的非
编码区；mtnr1b 基因全长为 2074 bp，有一个长 1203 bp 的 放阅读框，5’端有
一个 787 bp 的非编码区，3’端有一个 84 bp 的非编码区，编码一个由 400 个氨基
酸组成的蛋白质； mtnr1c 基因全长为 1615 bp，有一个长 1080 bp 的 放阅读框，
编码一个由 359 个氨基酸组成的蛋白质，5’端有一个 260 bp 的非编码区，3’端有
一个 275 bp 的非编码区。 
2. 蛋白质结构预测显示，四种受体亚型均是具有七次跨膜区的 G 蛋白偶联受
体；对已知的脊椎动物褪黑素受体亚型建树分析进一步证实，从大弹涂鱼克隆所





mtnr1a1.4,mtnr1a1.7 和 mtnr1b 表达。 
4. 繁殖季节大弹涂鱼脑组织中的 aanat2 基因，间脑的 mtnr1a1.4 基因，以及
卵巢中的 mtnr1a1.7 基因具有明显的半月周期变化节律，即 1 个月有 2 个周期，
















卵母细胞中，在完全分离的滤泡膜和卵细胞上仅检测到 mtnr1a1.7 基因的表达。 
5. 夜间大弹涂鱼脑组织褪黑素受体亚型 mtnr1a1.4 的表达量显著高于白天，
但是在视网膜组织没有观察到 mtnr1a1.4 基因有明显的周日变化。而脑组织和视
网膜中的 mtnr1a1.7 和 mtnr1b 两个基因，其周日表达量均呈现出下午显著高于夜
间和早上。mtnr1c 基因在脑组织的周日表达具有两个峰值，分别出现在凌晨 3






































The mudskipper (Boleophthalmus pectinirostris), a burrow-dwelling fish 
inhabiting intertidal mudflats, is widely cultured in the southeast coastline of China, 
due to its economic value. Our previous study indicated that, during the spawning 
season, the feral mudskipper spawn at an interval of about 15 days, which 
synchronizes with the semilunar periodicity, i.e. spawning around the first and the last 
lunar quarters. More interestingly, the plasma levels of steroid hormones and 
melatonin are synchronized with semilunar periodicity as well, although the 
mudskipper are at the same stage of gonadal development. To improve our 
understanding of the linkage between melatonin and semilunar-related reproductive 
physiology in this fish, in the present study, using RT-PCR, RACE method, we first 
cloned four subtypes of melatonin receptor genes. Furthermore, Quantitative real-time 
PCR was performed to investigate the tissue distribution, diurnal and semilunar 
variations of melatonin receptor mRNAs. In addition, PCR was performed to localize 
the expression of the melatonin receptor mRNAs in different compartments of the 
follicles. The main results and conclusions are as follows: 
1. The partial sequence of mtnr1a1.4 cDNA was 1471 base pair (bp) in length. The 
deduced protein sequence was made of 246 amino acids; there were 728 bp in the 3’ 
untranslated region. The full length of the mtnr1a1.7 cDNA sequence was 1501 bp; 
the 5’ and 3’ UTR regions were 310 and 138 bp long, respectively. And the putative 
translated protein was 351 amino acids long. The full length of the mtnr1b cDNA 
sequence was 2074 bp with an open reading frame of 1203 bp, 787 bp in the 5’ UTR 
and 84 bp in the 3’ UTR, encoding  the protein composed of 400 amino acids . The 
full length of the mtnr1c cDNA sequence was 1615 bp, which is composed of a 5’ 
UTR of 260 bp, a coding sequence of 1080 bp, and a 3’ UTR of 275 bp, encoding a 
protein of 359 amino acids. 
 2. Sequence analysis showed that all four melatonin receptor subtypes possessed 















the GPCR family. Phylogenetic analysis of known melatonin receptors in vertebrates 
further verified that the four melatonin receptor subtypes cloned in B. pectinirostris 
belonged to the Mtnr1a1.4, Mtnr1a1.7, Mtnr1b and Mtnr1c, respectively. 
3. Quantitative real-time PCR was used to analyze the expression of melatonin 
receptor mRNAs in different tissues of B. pectinirostris, the results showed that all 
four subtypes expressed widely in various tissues tested, but significantly higher 
expression was observed in the retina and brain, with the highest expression levels in  
the optic tectum and mesencephalon regions . On the HPG axis in the female, all four 
subtype transcripts were expressed in the diencephalon and pituitary, whereas the 
three subtypes except mtnr1c were presented in the ovarian tissue. 
4. The transcript levels of aanat2 in the brain, mtnr1a1.4 in the diencephalon and 
mtnr1a1.7 in the ovary appeared to have a cyclic pattern associated with semilunar 
periodicity，exhibiting two cycles, each one with a peak. The two peaks coincided 
with the timing of spawning in this species, the first peak was observed around the 
first quarter moon, and the second one around the last quarter moon. Moreover, in the 
fully grown follicles (~0.6 mm in diameter), only mtnr1a1.7 mRNA was detected in 
both the isolated follicle layers and denuded oocytes.  
5. The expression of mtnr1a1.4 mRNA was significant higher in the dark phase than 
in the light phase (p < 0.05) in the brain, but it did not express significantly different 
between the dark phase and light phase in the retina. In contrast, both mtnr1a1.7 and 
mtnr1b mRNA were significant higher (p<0.05) in the afternoon and morning both in 
the brain and the retina. Interestingly, the diurnal expression of mtnr1c transcripts 
showed two peaks in the brain, one at 3:00 in early morning and the other at 12:00 at 
noon.  No diurnal significant fluctuations of mtnr1c mRNA in the retina were 
observed. 
Taken together, these results provide the evidence that melatonin and its 
receptors play important roles in the synchronization of seminlunar spawning rhythm 
in female mudskipper by acting through the HPG axis and/or directly on ovarian 
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缩略词 英文全称 中文全称 
AANAT Arylalkylamine N-acetyltransferase 5-羟色胺-N-乙酰转移酶 
DA Dopamine 多巴胺 
DHP 17α,20β-Dihydroxy-4-pregnen-3-one 17α,20β-双羟孕酮 
E2 17β-Estradiol 17β-雌二醇 
FSH Follicle-stimulating Hormone 促滤泡激素 
GnRH Gonadotropin-releasing Hormone 促性腺激素释放激素 
GSI Gonadosomatic Index 性腺成熟系数 
GtH Gonadotropin 促性腺激素 
GVBD Germinal Vesicle Breakdown 卵母细胞胚泡破裂 
HIMOT Hydroxyindole-O-methyltransferase 羟基吲哚-氧-甲基转移酶
HPG Hypothalamus-Pituitary-Gonad 下丘脑-垂体-性腺 
LH Luteinizing Hormone 促黄体激素 
Mean±SEM Mean±Standard Error 平均数±标准误差 
MEL Melatonin 褪黑素 
Mtnr1a1.4 Melatonin Receptor 1a1.4 褪黑素受体 1a1.4 
Mtnr1a1.7 Melatonin Receptor 1a1.7 褪黑素受体 1a1.7 
Mtnr1b Melatonin Receptor 1b 褪黑素受体 1b 








Melatonin Receptor Gene 1a1.4 
Melatonin Receptor Gene 1a1.7 
Melatonin Receptor Gene 1b 
Melatonin Receptor Gene 1c 






















第 1 章 绪 论 
 1
第 1 章 绪 论 
1.1 大弹涂鱼生物学特性及生态习性 
大弹涂鱼(Boleophthalmus pectinirostris)隶属于脊索动物门(Chordata)、脊椎动











条状块，周身遍布不规则的绿褐色斑点、背鳍二个，第 1 背鳍很小；仅有鳍棘 5
条，鳍棘末端成丝状延长，其中第 3 棘最长；第 2 背鳍与臀鳍均较长，其长度大





图 1-1 大弹涂鱼 




















12 月至次年 3 月在洞内越冬；天气晴朗、温度高时也出洞活动。大弹涂鱼食性
为杂食性，主食底栖硅藻，蓝绿藻类，兼食泥土中的有机质以及桡足类和圆虫等。
常在退潮时出洞索饵，在滩涂表层刮食底栖硅藻。大弹涂鱼为一次性产卵鱼类，
生殖季节为每年的 5~9 月，其中 5~6 月为生殖高峰期。生殖季节自然海区大弹涂
鱼亲鱼产卵与潮汐有关，每个潮汐周期(15 天)产一批次卵，一个月产两批次卵，









优新养殖鱼种[6-7]。我国台湾省于 20 世纪 60 年代 始养殖大弹涂鱼，1970~1980
年代养殖面积发展到数千亩，但苗种全靠自然海区采捕[8]。我国大陆东南沿海于





间大弹涂鱼生殖群体呈现出有规律的半月周期产卵现象，即每 1 个月产卵 2 次，
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 3
次产卵发生在农廿三至廿八(下弦月和新月之间)[4,9]。Wang 等于大弹涂鱼繁殖盛
期(2006 年 5 月 31 日~6 月 30 日)，测定了雌鱼血清中性类固醇激素雌二醇(E2)、
17α-羟孕酮(17α-P)和睾酮(T)以及雄鱼血清中性类固醇激素 T 和 11-酮基睾酮
(11-KT)含量的变化，结果表明，雌鱼和雄鱼性类固醇激素含量均呈明显的半月
周期变化，即 1 个月有 2 个周期，每个周期均出现 1 个峰值[10]。雌鱼 3 种性类
固醇激素的第 1 个峰值出现在上弦月后的第 3 天，第 2 个峰值出现在下弦月后的
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